Abstract. This paper contains the study performed on the behavior of double-web angles by using finite element analysis computer package known as "Abaqus". The aim of this present study was simulating the behavior of double-web angles (DWA) steel connections. The purpose of this article is to provide the basis for the fastest and most economical design and analysis and to ensure the required steel connection strength. This study, started used review method of behavior of steel beam-to-column bolted connections. Two models of different cross-section were examined under the effect of concentrated load and different boundary conditions. In all the studied case, material nonlinearity was accounted. A sample study on DWA connections was carried out using both material and geometric nonlinearities. This object will be of great value to anyone who wants to better understand the behavior of the steel beam to column connection. The results of the study have a field of reference for future research for members of the development of the steel connection approach with simulation model design.
Introduction
Many fabricators, manufacturers, and erectors prefer to make a simple connection that can be easily assembled and installed, like bolted joints instead of welded joints. Welding requires more time, combined with a highly skilled workforce. Therefore, many steel manufacturers prefer bolted joints in this area. Steel joints are classified into two types: the first type is partially restrained (PR) and the second type is completely restrained (FR). In the construction of steel joints, it is assumed that the FR joints have sufficient rigidity to maintain the angles between the members of the connection. It is also assumed that the PR connections do not have sufficient stiffness to maintain the angles between the members of the connection (AISC 2011). These connections are leads to the overload resulting from other factors such as welds, loads and gravity. The available experimental results are used to find useful limit states and to improve a rational design procedure for bolted links similar to the links that are considered in this study. The proposed study focuses on the understanding of the behavior of steel joints exposed to shear or moment loads using the finite element method (FEM). The objective of this study is to theoretically provide the moment-rotation characteristics and the corresponding parameters of the semirigid connections between beam and column using the ABAQUS computer software. It affects the flexibility of the connections both of the distribution of forces and of the deformation in columns and beams of the frame. The frame must be calculated in the analysis. It is believed that the flexible analysis of linear distortions is relatively small and that equilibrium equations can be formulated with respect to the initial technique. Several types of research have been conducted on the behavior and design of steel joints. The objective was to provide better understanding and better techniques for evaluating between beams and column joints under the influence of shear and moment loads. Figure 1 shows the two kinds of connection; the first type is partially restrained (PR) such as top-set angle connection and the second type is completely restrained (FR) such as extended end plate steel connection and the top-set angle with double web angle connection. In addition, can be seen that EP connection and TSA -DWA connections are amongst the stiffest connection [10] . Prabha et al. focused on the influence of many factors in the beam/column connection especially in the double web angle connection (DWA), such as air gap effect, angular length, angular thickness and gauge length on the behavior of the links. Three-dimensional (3D) connection moments, plastic-elastic nonlinear finite element analysis, to evaluate the behavior of the DWA connection. Analysis by changing the number of elements in a set of trace models. The proposed equation is compared with the experimental results and the free Morris model was found in full agreement [1] . The design process and the results obtained were presented with the numerical simulation of the upper seat angle with double angle web angles [2] . This was followed by finite element modeling using the ABAQUS program, which is based on previous experimental results. The reference researcher prepared the numerical models of four different configurations according to the program. numerical results from available experimental tests. The distortions and behavior of the virtual sample are the nearly same as those of the existing tests. Ahmed and Hasan proposed a research study for nonlinear finite element analysis (FE) of known set-top angle connections [3] . Performing the simulation 16 samples tests from available references. Compared to the results of the analysis of finite elements with the available experimental results to examine the applicability of the model, the results were close to each other. Sulong et al., nonlinear models were developed for various types of connections using component methods to simulate temperature changes and steel connections at different light load conditions. The model can represent the combination of the typical connection types, the top-set angle with double web angle connection, the double web angle connection, top-seat, extended end plate steel connection. Verification of the proposed connection model is carried out by comparing the analytical simulations with the current results of common tests and by testing joints and lower seats insulated at high-temperature conditions. The results demonstrate the efficiency of identifying the convergence of the proposed model with the power of the communication features and the results of the laboratory test [4] . Abolmaali et al., presented two types of double web angle semi-rigid connections to know the cyclic behavior of such connections: welded with bolted connections and bolted-bolted connections and prestressed bolts for load testing. Cyclic loading was applied to twenty test samples prepared for each test sample using the load control in the initial cycle. Fault modes and moment-rotation hysteresis circuits are provided for all test cases. The results of the experimental tests are verified for all test samples and the cyclic behavior of each test sample is discussed. Two failure modes were observed for the DWA semi-rigid bolted-bolted connections: excessive rotation due to bearing damage and angled bending of the beam bar. Furthermore, this study presented the final moment values, initial rigidity, failure modes and final rotation capacity of the links [5] . Xinwu, examined the behavior of semi-rigid connections under cyclic inversion load [6] . Liew, et al., studied in part1 and 2, the connection parameters were developed and generalized in the context of angular links, TSA links, DWA with TSA links [7, 8] . Hong et al., examined the effect of the angular thickness and the gauge space of bolt, and find the stress distribution and moment-rotation of double-web angle connections of each sample. Samples exposed to shear loads are considered to have a structural strain formed of a perfectly elastic-plastic, that was assumed. ABAQUS software is used to analyze the nonlinear behavior of double-web angled links. Experimental tests were performed with the same material and geometric conditions to verify the analysis of the finite element model. According to the test results, the element models were verified by comparing the momentrotation curves with the deformed shapes derived from the analysis of model and the available results from literature [9] . The behavior of a connection is explained by the moment-rotation curve. Momentrotation curves for some connections usually use PRC as shown in Figure 1 .
There are many researchers who have studied the behavior of the column connection to beam and simulate it using computer software [11] [12] [13] [14] [15] [16] [17] [18] [19] .
Modeling and Simulation

Experimental Specimen Description
Based on that experimental data obtained from studies reported by Lewitt et al, which studied the DWA connections [11] . In order to know the behavior of the DWA connection and to test the predictions of the connection model, it was studied and compared with the with the available full-scale test results of connections that have material and component compatibility. Connection components A36 are made of steel and 19.1 mm are made of A325 screws. The connection details of the DWA are shown in Figure  2 . In this analysis, the flexible frame study carried out by Lewitt et al., Al, was considered [11] . A summary of the DWA connection geometries is as shown in Tables 1 
Finite Element Modeling
The ABAQUS program can organize and analyze complex problems of connections, including structural problems and three-dimensional structures. In such software, technology lies in finding the right form: the development of the mesh -arrangement. It should balance the size of the mesh -an arrangement between the need for a fine mesh to give an accurate distribution of stress and time reasonable analysis. The perfect solution is to use a fine mesh in high-pressure areas and a coarser mesh in the remaining areas. In all types of connection, the connection is symmetrically arranged about the vertical medial line as shown in Figure 3 . 
Types of elements.
In the finite element model, the three-dimensional solid brick element (3D) in ABAQUS was used as shown in Figure 4 ; consists of eight nodes and each node has three degrees of freedom. This element has the ability to model plasticity, has a large deformation and stress-strain behavior and uses a lower integration method. Bolts, beams, columns and corner elements are modeled using C3D8 elements for the parts. The C3D8 elements are three-dimensional solid hexahedral elements with eight nodes with three degrees of freedom x, y, and z, or 1,2 and 3 respectively, as shown in Figure  4 . Referring Figure 5 shows the solid elements C3D8 of the 3D iso-Parametric. 3D iso-parametric solid continuum elements with higher order models are capable of modeling curved boundaries. The elements were numerically integrated, although the C3D8 elements were linear with respect to geometry. The complete beam model with final arrangement of mesh discretization is shown in Figure 6 . 2.2.2. Nonlinear Materials Behaviour. Nonlinear material definitions play an important role in finite element analysis because each definition of the different parts of the connection must be considered carefully. This means that you need to simulate all the parameters using the basic elements of connection, physical models, and material parameters such as on the beams, columns, and web-angles, flanges, bolts, and nuts. Non-linear material occurs when the stress-strain relationship is not linear so that the steel yield becomes plastic. In fact, carbon steel ASTM A36 mild steel used in the analysis of Azizinamini, et al., may be of different strain-stress diagrams by applying different loading rates and temperature [19] . Otherwise, the loading rate is a specific property. Through the experimental research that has been investigated for analysis in this property where the rate of a load on the connection that has been investigated in the case of a load of monotonous. It was found that the steel takes the lowest yield point and follows almost the exact path of the stress-strain chart as those found in any steel design manual. The figure that explains areas such as stress-strain diagram is shown in Figure 7 for convenience. This graph explains the three phases of the mild carbon steel behaviour from the initial loading whit failure. All elements were identified as elastic isotropic properties. The data of test materials were obtained from available all steel tests and the curves allowed stress-strain based on actual values instead of theoretical values. For plastic, elastic data bolts and other elements are defined as shown in Table 4 . Von Misses yield performance criteria are used for all kinds of steel connection. Fig. 8 shows the support boundaries at the end of the package (curve U1 = U2 = U3 = 0).
Figure 8. Boundary conditions and loads
2.2.4.
Loads. The load was loaded via a concentrated load, at a point in the center of the model. The load is added to the load control file, in the add loading window to achieve the desired size of the bending moments of the connections. The step of the load factor was set to 1 and the maximum load factor was set at 100 at each iteration with the maximum variation of the load factor change automatically. The load applied to sample FK-3 was 36 KN and 144 KN for the sample FK-5 [11] .
Results
In all cases, the inputs and outputs are based on the description in this section for load factor 1 to 100 set. The maximum load factor of change in each iteration automatically.
Specimen FK-3.
Using the 1.0 scale factor to make the displacement visible, the deformities shape von-misses stress are plot as shown in Figure 9 and Figure 10 . The thick shell element stresses and solid element cannot be in in a single frame because they have different degrees of freedom. Node 6 from the beam was selected for finding the displacement analysis at this node. In addition, the node 6 selected was located at the top of the beam end at 1.2 m from the end support as shown in Figure 11 . The connection rotates at Ø as shown in Figure 11 . The connection rotation is defined as The total vertical displacement against the total load factor graph for node 6 as shown in Figure 12 . Full computer results and the calculated Moment and rotations Ø are shown in Table 6 . The moment-rotation (M-Ø) curve for specimen FK-3 is shown in Figure 13 . These diagrams are used to calculate the rotation of the beam and the column. 
Specimen FK-5.
Using the 1.0 scale factor to make the displacement visible, the deformities shape von-misses stress are plot as shown in Figure 14 and Figure 15 . Numerical results for the calculated loads and displacements are shown in Table 7 . The total vertical displacement against the total load factor graph for specimen FK-5 as shown in Figure. 16. These diagrams are used to calculate the rotation of the beam and the column. The result, calculated rotations Ø and moments from the computer analysis are shown in Table 8 . Experimental data were obtained from Lewitt et, al., [11] . This data was modeled and analyzed by the Abaqus program. The M-Ø diagram is drawn for both the large-scale experimental test results and the Abaqus analysis results, and the yield moments of the links are determined by the intersection of the two tangents as shown in Figure 17 . 
Discussion of Results
Based on the charts shown in Figure 13 , Figure 17 and analysis results; summary of the results for both specimens of DWA connections are shown in Table 9 . Referring to Figure 13 , Figure 17 , and Table 8 , it was found that the determination of yield moment of the connection according to computer analysis software; ABAQUS, is against the experiment, with a difference of 1.80 % for the specimen FK-3 while, in the specimen, FK-5 was 0.00 %. In addition, from the ABAQUS software analysis, the yield moment was higher than the experimental test and the ultimate moment is higher than the experimental test for the specimen FK-3. Whereas, in the specimen FK-5, the yield moment was almost equal than the experimental test and the ultimate moment is higher than the experimental. Furthermore, the ultimate moment values from computer analysis were very close from the experiment for both specimens. moreover, the displacement of computer analysis is more than the experience by a very simple difference. Finally, it can also be noted that the computer model seems to be stiffer than the experimental model at lower loads up to the yield moments, after which the experimental model showed stiffer than the ABAQUS numerical results in the specimen FK-5. The results of this study identify weaknesses in connections that can be overcome sand strengthened to improve the behaviour of such connections. For example, the diameter of the bolts of the specimen FK-3 and FK-5 connection, which fails in the fault mode at the all angles connection, can be increased from 19 mm to 20 mm. This solution increases the strength of communication, especially since the rest of the elements of communication did not collapse and has the ability to withstand longer. Moreover, the angular thickness of the specimen FK-3 connections, which fails in the fault mode at the top of web angle, can be increased from 9.5 to 11 mm. In addition, for the specimen FK-5 with an angular thickness of 11.1 mm and a failure mode at the top of web angle and bolts, the thickness can be increased from 11.1 mm to 12 mm.
Conclusion
This paper reports on the DWA connections, a finite element model using ABAQUS in order to investigate the performance of DWA connections steel at room temperature. Validation of the numerical modelling against all representative experimental results conducted on the moment-rotation relationship, final deformation and yield line pattern of the DWA connections shows good agreements exist. For this reason, this numerical analysis method can be used safely to predict the behavior of DWA steel beamcolumn connections at room temperature. The following conclusions can be drawn. The difficulty of numerical modeling contact interactions taking into account the material and non-linear geometric effects has been successfully solved. The proposed DWA model is verified to simulate DWA steel connections up to the maximum moment at room temperature. Accordingly, modeling DWA can be used to predict stress distribution of high strength steel DWA connections both at ambient temperature, which is not easy to achieve in full-scale tests, via inputting proper mechanical properties of high strength steels at ambient temperature. By the current modeling approach, the first critical component of DWA links can be identified, only the occurrence of component breakdown and subsequent failures of other components cannot be predicted. Finally, the load bearing capacity, as well as rotation capacity of DWA connections, is dependent on the thickness of angle and numbers of bolts. By the way, all connection studies, that use finite element analysis using computer software provides a lot of effort and money, as compared to a large-scale test, and can produce a complete picture of the behavior of joints and deformation, tension and distribution of power and stress.
